Abstract Layered organic-inorganic hybrid materials of Zn-Al-layered double hydroxide (LDH)-pamoate nanocomposite (ZAPR) were prepared using various initial Zn/Al molar ratios (R i
Introduction
Organic-inorganic hybrid type of material appears as an alternative opportunity to design and synthesis new materials with tailor-made physicochemical properties. This is related to their diphasic structures, leading to multifunctional-type materials. In the syntheses of organic-inorganic hybrid nanocomposite, layered double hydroxide (LDHs) can be chosen as one of the inorganic hosts.
LDHs has a general formula [M ) and A n-is an interlayer or counter anion. When a fraction of the octahedral Zn 2? sites in the brucite-like layers of Zn-Al LDH are replaced by Al 3? , an excess positive charges are left in the layers, the counter anion, A n-will balance the charges. Zn-Al layered double hydroxide (Zn-Al LDH) with smaller interlayer anions has a hydrotalcite-like structure. The basal spacing of the Zn-Al layered double hydroxide observed by powder X-ray diffraction depends on the nature and spatial orientation of the counter anions, are around 7-10 Å [1, 2] .
Various beneficial anions can be intercalated into the LDH interlamellae for the purpose of developing new materials with tailor-made properties such as controlled release formulation [3] , anion-exchanger [4] , efficient catalysts [5] , selective sorbents [6] , etc. As a result of a bigger and bulkier structure together with its spatial orientation of the organic guest intercalated inside the interlamellae of the inorganic LDH, the guest species enhanced the interlayer distance or basal spacing of the resulting materials [6] .
Previous works on the intercalation of various organic molecules into double hydroxide layers have been carried out for various purposes and applications. For example, LDH has also been demonstrated as delivery carrier for genes and drugs by hybridizing with DNA and c-antisense oligonucleotide (As-myc). Based on the findings, it was proven that LDHs can acted as a new inorganic carrier, which was completely different from the existing nonviral vectors in terms of its chemical bonding and structure [7] . Other example was the intercalation of ibuprofen, a-methyl-4-(2-methylpropyl) benzene-acetate, an anti-inflammatory drug into Zn-Al LDH, the work done was to study the controlled release property of the former from the controlled release formulation [8] .
In our previous paper [9] , we had reported our work on the intercalation of pamoate i.e. the anion of pamoic acid, 1,1 0 -methylene-bis-[2-hydroxy-3-naphthoic acid] into the Zn-Al LDH for the formation of a new organic-inorganic hybrid layered nanocomposite material. In this paper, we would like to report our further work on the effect of substitution of Zn 2? with Al 3? in the inorganic brucite-like layers for the formation of Zn-Al-pamoate nanocomposites (ZAPR) material to the resulting physicochemical properties. The intercalation of pamoate ion was done by co-precipitation method. Pamoate sodium salt has a molecular formula C 23 H 14 O 6 Na 2 , is an aromatic dicarboxylic acid and has been used as a means of masking unpleasant tastes or prolonged therapeutic action by forming slightly soluble salts with certain basic drugs [10] . The derivative of pamoic acid, pyrantel pamoate was used for the treatment of infestation of gastro-intestinal parasite [11] .
Experimental
All chemicals used in this synthesis were obtained from various chemical suppliers and used without further purification. All solutions were prepared using deionized water. The synthesis of the intercalated compound using various initial Al 3? mole fractions in the mother liquor, x i was done by co-precipitation method. A mother liquor containing Zn 2? and Al 3? cations with Zn/Al initial molar ratios, R i = 8, 7, 6, 5, 4, 3 and 2, corresponding to x i values of 0.11, 0.13, 0.14, 0.17, 0.20, 0.25 and 0.33, respectively and 0.02 M of PA were prepared. The pH was adjusted to about 7 and the reaction was carried out under nitrogen atmosphere. The solutions were aged for 18 h in an oil bath shaker at 70°C. The resulting precipitates were centrifuged, thoroughly washed and dried in an oven at 70°C for 3 days and kept in a sample bottle for further use and characterizations. The samples were labeled and shown in Table 1 .
Powder X-ray diffraction (PXRD) patterns of the samples were obtained by Shimadzu Diffractometer XRD-6000, using filtered CuK a radiation. FTIR spectra were recorded by a Perkin-Elmer 1750 Spectrophotometer. KBr pellet containing 1% sample was used to obtain the FTIR spectra. The surface morphology of the samples was observed by a scanning electron microscope (SEM), using JOEL JSM-6400. CHNS analyser, model EA 1108 of Finons Instruments was used for CHNS analyses. The Al 3? mole fraction of the resulting ZAPRs (x f ) was determined by an inductively coupled plasma emission spectrometry (ICP-AES), using a Labtest Equipment Model 710 Plasmascan sequential emission spectrometer. Surface characterization of the materials was carried out by nitrogen gas adsorptiondesorption at 77 K using a Micromeritics ASAP 2000. Samples were degassed in an evacuated-heated chamber at 120°C, overnight prior the measurement.
Results and discussion
3.1 Powder X-ray diffraction Figure 1 shows the PXRD patterns of the Zn-Al-PA nanocomposites (ZAPRs), prepared using various initial Table 1 . The synthesis was done by co-precipitation method with 0.02 M of PA and pH 7. A sharp, intense and symmetry peak could be observed from the XRD patterns of all the samples, which indicated a well-ordered layered structure was formed regardless the value of x f (x f = 0.13-0.36) obtained in this study. As shown in Fig. 1 , the expansion of basal spacing of the materials was in the range of 18.9-17.7 Å , which was due to the inclusion of PA into the interlayer of Zn-Al-LDH compared to 8.9 Å for LDH with nitrate as the interlamellae anion (ZAL). Figure 1 shows that the PXRD patterns of ZAPR8-ZAPR2. As shown in Fig. 1 the basal spacing of ZAPR8 with x f = 0.13 was 18.9 Å and the basal spacing decreased as the Al 3? mole fraction, x f was increased to 0.36. The smaller x f will give lower charge density in the layered inorganic structure thus will affect the orientation of the intercalated anion during the formation of the nanocomposite. The increase in the x f will also increases the Al 3? content and therefore increases the charge density of the inorganic brucite-like layers due to the excess positive charge of Al 3? . Therefore, the high Al 3? content in the inorganic layers increases the electrostatic attraction between the excess positive charge of Al 3? and the negative charge of the interlayer pamoate anion and hence decreases the d value [12] . Due to the high chemical stability of both the guest and the host, a well-intercalated layered crystalline nanocomposite is obtained [13] . They can be seen in the PXRD pattern of ZAPR2 and ZAPR3 which show more intense and sharper peaks especially for 003 peaks, which indicates higher cystallinity of the materials compared to the other nanocomposites, which are synthesized at lower x f values. Figure 2 shows the schematic representation of the intercalation process of guest anion (pamoate anion) into LDH for the formation of its nanocomposite. The intercalation process in Fig. 2 was generated using the Chem. Office 3D software 2001. The basal spacing of 18.1 Å was obtained from XRD diffractogram and by using the Chem. 3D software, it shows that the orientation of the pamoate anion in the interlamellae of Zn-Al LDH was not in the vertical position but slightly slanted towards the horizontal position. Figure 3 shows that the basal spacing of the resulting materials decreased as the x f values increased. The increase can be related to the charge density of the inorganic interlayers as a result of the replacement of Zn 2? with Al 3? in the brucite-like layers. Figure 4 shows the FTIR spectra for the nanocomposites prepared using various Al 3? mole fraction, x f were in the A broad adsorption band centered at around 3,463 cm Table 1 compares the organic and inorganic composition of the nanocomposites prepared at various x i values. As shown in Table 1 , the x f values in the final products were higher than the initial values (x i ) initially present in the mother liquor for the synthesis process of the nanocomposite. As shown in Fig. 5 , the values of x f increased linearly with x i , which indicated that the substitution of Al 3? in the brucite-like LDH inorganic layers was proportionally dependent on the x i values available in the mother liquor. In addition, the difference was a constant of about 0.03.
Fourier transform infrared (FTIR) spectroscopy

Organic-inorganic composition
CHNS analysis shows that the carbon content in the resulting nanocomposite was in the range of 26.6-22.8%, which indicated that PA was successfully intercalated inside the interlamellae of layered double hydroxide. From the calculation of the carbon content obtained, the amount of PA intercalated into the nanocomposite decreased slightly from 41.8 to 35.9% as the values x f increased from 0.13 to 0.36. As the values of x f increased, the amount of Al 3? mole fraction in the layered double hydroxide increased as well, resulted in a stronger electrostatic attraction between positively charged Zn-Al layered structure and the negatively charged pamoate anion, and hence decreased the amount of intercalated pamoate anion.
The presence of 1% or less nitrogen in all the samples as shown by the CHNS analysis indicated that some of the nitrate anion still remains in the interlamellae and not totally replaced by PA anion during the formation of nanocomposite or it may due to the nitrate anion that was absorbed on the surface of the nanocomposite. This was in agreement with the presence of a strong and sharp band at about 1,385 cm -1 in the FTIR spectrum shown in Fig. 4 .
Adsorption-desorption isotherm, surface area and pore size distribution
In order to study the effect of various x f values on the surface properties, the BET surface area and pore size distribution were measured using nitrogen gas adsorptiondesorption technique at 77 K. Figure 6a and b show the adsorption-desorption isotherms for the nanocomposites (ZAPRs). As shown in the figure, the adsorption-desorption isotherm for ZAPRs was of Type IV, indicating mesopores-type material, with a slow uptake of the absorbent at low relative pressure in a range of 0.0-0.6. Further increase of the relative pressure to [0.6 resulted in the rapid adsorption of the adsorbent, reaching a maximum greater than 460 cm 3 /g at STP for ZAPR8. The maximum adsorption of the nitrogen gas decreased with the increasing Al 3? mole fraction, x f values.
The BET surface area and BJH average pore diameter and BJH desorption pore volume for the nanocomposites prepared using various x f values were summarized in Table 1 . As shown in Fig. 5 , the BET surface area decreased linearly with the increasing values of x f . The BET surface area were decreased from 146.6 to 0.5 m 2 /g as the Al 3? mole fraction were increased from 0.13 to 0.36, respectively. An indication that the higher amount of Zn 2? was being substituted by Al 3? resulting in higher charge density on the LDH layers which led to a stronger bonding between the layers and the pamoate anion and hence lower the surface area of the nanocomposite material. A smaller x f values or small amount of Al 3? resulted in a lower charge density of the layered structure and this will cause the pamoate anion not tightly held by the excess positively charged inorganic layers, and it will lead to a higher porosity of the resulting materials.
The BJH pore size distributions for the nanocomposites (ZAPRs) are shown in Fig. 7a Figure 7b also shows that the intensity of the pore size distribution of ZAPR2 is not only lower than the other ZAPRs but also lower than ZAL.
Detailed observation shows that the intensity of pore size distribution generally decrease with the increase values of x f . Again, as the mole fraction of Al 3? increase, the charge density in the inorganic layers also increased. As a result, the pore diameter of the resulting materials becomes smaller due to greater charge density, which responsible to the stronger tightly binding between the organic and inorganic phases in the nanocomposites. This presumably explained why the intensity of the pore size distribution generally decreased as the x f value increase.
3.5 Surface morphology As shown in the figure, all of them show typical morphology of LDH-nanocomposites, i.e. agglomerates of compact and nonporous structure. The particle-particle pores getting bigger as the x f values become smaller as shown in ZAPR5, ZAPR6, ZAPR7, and ZAPR8. This is in agreement with the decreased value in the BET surface area and the BJH average pore diameter with the increasing x f values or mole fraction of Al 3? as shown in Table 1 . 
Conclusion
Layered organic-inorganic Zn-Al-pamoate nanocomposite prepared using various initial Al 3? mole fractions, x i in a range of 0.11-0.33 resulted in a well-ordered nanocomposites material with expanded interlayer spacing of 17.8-18.9 Å . This indicates that the organic moiety, pamoate anion was successfully intercalated into the interlayer spacing of Zn-Al layered double hydroxide for all the x f values. As the initial Al 3? mole fractions in the mother liquor (x i ) increased, the Al 3? mole fraction in the resulting nanocomposite material (x f ) was also linearly increased, with x f was higher than x i and x f -x i = 0.03. This indicates that the substitution of Zn 2? with Al 3? in the inorganic brucite-like Zn-Al LDH layers was directly proportional to the mole fraction of Al 3? originally present in the mother liquor. It was also found that the BET surface area of the resulting materials decreased proportionally to the x f value. This shows that the amount of Zn 2? replaced by Al 3? in the inorganic brucite-like LDH layer played an important role in controlling the physicochemical properties of the resulting material, in particular the BET surface area. The extent of substitution of the positively charged-created inorganic metal cation was useful in determining tailormade property of the designed material.
